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Abstract: 
 
Capillary electrophoresis was used to study 
the competitive DNA-binding reactions of various 
dye molecules and cationic counterions. Dyes and 
counterions were added into electrophoretic 
buffers to investigate their binding reactions with 
DNA by measuring the resultant changes of DNA 
electrophoretic mobilities. The results regarding 
the effect of counterions on scDNA and its 
influence on the separation resolution of scDNA 
were also reported. 
 
Keywords: capillary electrophoresis, counterions, 
fluorescent dyes 
??????? 
 
?????? DNA ??????????
????????????????????
???????????????????
??????????????? DNA ???
????????????????????
(???????)[1]???????????
???? DNA ??????????????
? DNA ?????????????????
????[2]???????? DNA ?????
????????DNA ???????(???
??????)????? DNA ??????
DNA ??????????????????
DNA ?????????? DNA ??????
?????????????[3]??????
????????? DNA ?????????
????????????????????
?[4,5]??????? DNA ????????
????????????????????
??? DNA ???????????????
?????? DNA????????????
????????????????????
? DNA ?????????????????
???? DNA ??????????????
????????????????????
 3
?????????????? DNA ????
????????????????????
?????? DNA ???????????
[6-10]??????????[11-13]????
????????????????????
????????? DNA ?????????
????????????????????
????????????? 
 
 
??????? 
 
????????????????????
? DNA ?????: 
 
???????????????? DNA
????????????????????
????,???????????????
DNA ??????????????????
????????????????????
????????????????????
?????????????? DNA ???
????????????? DNA ????
????????????????????
?? DNA ???????????????
?? DNA ?????????? DNA ???
????????????????????
??????????????? DNA ??
????????????????????
??????????? DNA ??????
???????? DNA ????????? 
?? 1-1 ?????????? PI ???
?? 2.5????? 37.5????DNA ???
??????????????? 1-2 ? EB
???????????? EB ???? DNA
????????? PI ???????? PI
??? EB ???????????????
?????? DNA ??????? DNA ??
?????? DNA ???????????
?????? DNA ????????? DNA
????????????????????
????????????????????
????????????????????
????? DNA ??? 
 
????? 
??????????????????
??????????? DNA ???????
????????????????????
?????????? EthD-1 ??????
??????PI????DNA???????
???(? 1-3)?????????PI?EB?
DHE ?????????????? PI?EB ?
???????????DHE ???????
????????????????????
??? DNA ????????????? 
 
????? 
??????????????????
????????????????? DNA ?
??????????????? EB?PI?DHE?
ACMA?A-666 ? 9-AA ???????????
?? 150~667?M ? 0.5xTB ??????? DNA
????????????? 1-4 ?????
????150?M???DNA????????
?????????????????? PI ?
??? DNA ???????????????
????????????????????
????????????????????
??????? DNA ???????? DNA ?
????????????????????
???????????????? PI ???
???+1 ????????????????
DNA ??????????????????
???????????? DNA ??????
??????????????PI ?????
??????????? DNA ???????
????????????????????
? 1-5 ???????? DNA ???????
?????? DHE ???????????
????????????????????
??????????? 
??????????????????
?????????????????? DNA
???? DNA ?????????????
?????????? DNA ????????
?????????????? DNA ????
???????????? DNA ?????
???????????????? DNA ??
 4
?????? DNA ?????????PI ??
????????????????????
DNA ??????????????????
???? DNA ??????????????
???????????? DNA ?????DNA
???????????? 
??????????????????
??? DNA ???????????????
???????????????????
????????? DNA ????? DNA ??
????????????????????
????????????????????
????????????????? DNA ?
????????????????????
????????????????????
????????????????????
????????????????????
?????????? DNA ????????
????????????????????
????????? DNA ?????????
?????? DNA ????????????
??????????????????? 
 
????? 
??????????????????
?????? DNA ????????????
????????????????????
??????? 150~333?M ? 0.5xTB ???
?????????????? DNA ????
????????????????????
????????????????????
? DNA ?????????? DNA ?????
????????????????????
DNA ??????????????????
????????? 
 
??????? 
??????????????????
?????????????????? DNA
?????DNA????????????DNA
??????????????????
(5~35?M)????????????????
?????????????????? DNA
???????????????? PI???
???????? 25?M ?????????
????????????? 
 
 
???????? DNA ?????????
???????: 
 
????????????(Co2+?Cu2+)
???????scDNA ??????????
??????????????(? 2-1) ??
????????????????????
?????? scDNA ??????????
0.25xTB?0.5xTB?1xTB?2.5xTB?5xTB(?
2-2)??????????????????
????????????????????
????????????????????
?? scDNA ??????????????
????????????????????
????????????? scDNA ????
???????????????? 1 xTB ??
???? 150-1000?M??????? scDNA
????????????????????
????????????????????
????????scDNA ?????????
???????? (5-75?M)??????
(5-25?M)??????????????(?
2-3)? ?????????????????
????????? scDNA ????????
????????????????(? 2-4)?
????????????????? scDNA
????????????????????
??scDNA ???????????? 1xTB?
?? 5?M ???????????????
? 10102bp?????????scDNA ???
????????? scDNA ????????
???scDNA ??????????????
????????????????????
????????????????????
????????????????????
???????? scDNA? 
???????????? HEC(1.3M)?
??? 0.03%?0.05%?0.1%?0.2%?????
??? E=100V/cm????????????
???????(0.03%?0.05%)?scDNA ??
???????(? 2-5)??????????
 5
? ? ? ? ? (0.1% ? 0.2%) ? ? ? ? ?
DNA(<10102bp) ???????????
DNA(>10102bp)?????????????
????(? 2-5)?????????????
????????????????????
????????? DNA ????????
????????????????????
????????????????????
????????????????????
?????? scDNA ??????????
????????????????????
??????????? E=100V/cm????
???????? 0.03%~0.1% ????
DNA(<10102bp)?????????????
??????(? 2-6)??????????
??????? scDNA ??????????
????????? DNA ????????
????????? DNA ????????
???????????????????
0.1%????? DNA ??????????
???????????????? scDNA ?
????????????????????
????????????????? 0.2%
????DNA ??????????????
??? DNA ?????????????
9x104? HEC ?????? scDNA ?????
???? 1.3x106 ? HEC ????????
E=100V/cm??? DNA(<10102bp)?????
????????????????????
?????????????? DNA ???
???????????????????
??? DNA ???????????(? 2-7)?
????????????????????
??????????????????
HPMC ? PEO ??????????????
??????????? DNA ??????
???? DNA ?????????????
?? DNA ???????????????
?? 
 
???????? 
????????????????: 
 
1. ??????????????????: 
(a) D. R. Lu, S. W. Liu and C. Wu, 
“Counterion-Induced Charge and 
Conformation Changes of DNA Fragments 
Studied by Capillary Electrophoresis”??
????, 2000 
(b) W. H. Chen, S. W. Liu and C.Wu, “Effects 
of Dye Molecules and Cations on the 
Electrophoretic Mobility of Intercalated 
DNA” ??????, 2000. 
(c) W. H. Chen, J. C. Wu and C. Wu, 
“Competitive DNA Binding Reactions of 
Counterions and Intercalating Dyes” ??
????, 2001.  
(d) C. H. Shen , M. C. Li and C. Wu, “Cation 
Induced Mobility Reduction and 
Conformation Stability of Supercoiled 
DNA” ??????, 2001.  
2. ?????? EB?PI?DHE?ACMA?
A-666?9-AA ? EthD-1 ????????
??????? DNA ?????????
???????????????????
????????? 
3. DNA ????????????????
??????????????????
??? DNA ???? DNA ??????
???????????????????
DNA ???????????? DNA ??
?????????????????
DNA ????????????? EthD-1
? PI ????????????????
?????????????? DNA ??
?????? DNA ??????????
?????????? DNA ??????
???????????????????
? DNA ????? DNA ???????
????? 
4. ????????????(Co2+?Cu2+)?
??????????????????
????scDNA ???????????
???????????????????
???????????????????
??? scDNA ??????????
0.25xTB ? 0.5xTB ? 1xTB ? 2.5xTB ?
5xTB???????????????
???????????????????
???????????????????
 6
??????? scDNA ????????
???????????????????
???????????????????
? scDNA ?????? 
5. ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
scDNA????????????????
?????????????????
scDNA ???????????????
???????????????????
?????? DNA ??????????
??????? DNA ?????????
???????? 
 
 
?????? 
 
[1] Bloomfield, V. A., Biopolymers 1991, 31, 
1417-1481. 
 
[2] Haugland, R. P., Molecular Probes, Molecular 
Probes, Inc. 1992. 
 
[3] Sambrook, J., Fritsch, E. F., and Maniatis, T., 
Molecular Cloning, Cold Spring Harbor 
Laboratory Press, 1989. 
 
[4] Zhu, H., Clark, S. M., Benson, S. C., Rey, H. 
S., Glazer, A. N., and Mathies, R. A., Anal Chem. 
1994, 66, 1941-1948. 
 
[5] Kim, Y. and Morris, M. D., Anal Chem. 1994, 
66, 1168-1174. 
 
[6] Garcia-Ramirez, M. and Subirana J. A., 
Biopolymers 1994, 34, 285-292. 
 
[7] Ames, B. N. and Dubin, D. T., J. Biol. Chem. 
1960, 235, 769-775. 
 
[8] Widom, J. and Baldwin, R. L., J. Mol. Biol. 
1980, 144, 431-453. 
 
[9] Ma, C. and Bloomfield, V. A., Biopolymers 
1995, 35, 211-216. 
[10] Li, A. Z., Qi, L. J., Shih, H. H., and Marx, K. 
A., Biopolymers, 1996, 38, 367-376. 
 
[11] Haugland, R. P., Molecular Probes, 
Molecular Probes, Inc. 1992. 
 
[12] Zhu, H., Clark, S. M., Benson, S. C., Rey, H. 
S., Glazer, A. N., and Mathies, R. A., Anal 
Chem. 1994, 66, 1941-1948. 
 
[13] Kim, Y. and Morris, M. D., Anal Chem. 1994, 
66, 1168-1174. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 7
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(? 1-1)? 1000?? Na+???????PI ??????? DNA ???????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(? 1-2) ? 1000?? Na+???????EB ??????? DNA ???????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(? 1-3)? 1000?? Na+???????? 1:30 ???????(dye:bp)??????????
DNA ?????????? 
0.008
0.01
0.012
0.014
0.016
0.018
0.02
0.2 0.7 1.2 1.7
log[PI](?M)
c
m2 m
i
n
-1
V
-1
72
118
194
234
271
281
310
603
872
1078
1353
2023
2322
4361
6557
9416
23130
0.008
0.01
0.012
0.014
0.016
0.018
0.02
0.022
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
log[EB](?M)
c
m2 m
i
n
-1
V
-1
0.007
0.009
0.011
0.013
0.015
0.017
0.019
0.021
c
m2 m
i
n
-1
V
-1
freeEthD-1 EB DHE 9AA A-666 ACM
A
PI
 8
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(? 1-4) DNA ?????? 150?M Mg2+??????????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(? 1-5) ???? 150?M ????????? DHE ??????????????????? 
 
 
0.004
0.005
0.006
0.007
0.008
0.009
0.01
0.011
0.012
0.013
0 200 400 600 800 1000 1200
2067
2972
3990
1xTB/Co2+(cm2/V*min)
conc.
(?M)
0.004
0.005
0.006
0.007
0.008
0.009
0.01
0.011
0.012
0 200 400 600 800 1000 1200
2067
2972
3990
5012
6030
7045
8066
(cm2/V*min) 1xTB/Cu2+
conc.
(?M)
 
(? 2-1) ???????????????? scDNA ???????? 
0.007
0.009
0.011
0.013
0.015
0.017
0.019
c
m2 m
i
n
-1
V
-1
freePI EB DHE 9AA A-666 ACMA
-6
-3
0
3
6
9
12
7
2
11
8
19
4
2
3
4
2
8
1
3
10
6
0
3
8
7
2
10
7
8
13
53
2
0
2
3
2
3
2
2
43
6
1
6
55
7
9
41
6
2
3
13
0
bp
Re
d
u
c
t
i
o
n
(
%
)
DHE 1:120 DHE 1:60 DHE 1:30 DHE 1:10 DHE 1:4 DHE 1:2
 9
0.004
0.005
0.006
0.007
0.008
0.009
0.01
0.011
0.012
0 1 2 3
TB
2067
2972
3990
[Co2+]=333?M(cm
2/V*min) [Cu2+]=333?M
0.004
0.005
0.006
0.007
0.008
0.009
0.01
0.011
0.012
0 0.5 1 1.5 2 2.5 3
TB
2067
2972
3990
5012
6030
7045
8066
(cm
2/V*min)
 
(? 2-2)????????????? scDNA ???????? 
 
 
 
1xTB/spermidine3+
0
0.002
0.004
0.006
0.008
0.01
0.012
0 20 40 60 80
2067
2972
3990
5012
6030
7045
8066
10102
12138
14174
16210
TB
(cm2/V*min)
0.004
0.005
0.006
0.007
0.008
0.009
0.01
0.011
0 5 10 15 20 25 30
2067
2972
3990
5012
6030
7045
8066
10102
(cm2/V*min) 1xTB/Co
3+
conc.
(?M)
 
(? 2-3)???????????????????? scDNA ???????? 
 
 
 
[Spermidine3+]=75?M
0.002
0.003
0.004
0.005
0.006
0.007
0.008
0.009
0.01
0 1 2 3 4 5 6
TB
(cm2/V*min) 2067
2972
3990
5012
6030
7045
8066
10102
12138
14174
16210
 
(? 2-4 )????????????? scDNA ???????? 
 
 
 10
HEC(1.3M)0.05% E=100
-0.001
0.001
0.003
0.005
0.007
8 8.5 9 9.5 10 10.5 11 11.5 12 12.5
abs
min.
 
HEC(1.3M)0.2% E=100
-0.0005
0.0005
0.0015
0.0025
0.0035
0.0045
11 13 15 17 19 21 23
min.
abs
 
(? 2-5) HEC(1.3M), E=100 (V/cm) 
 
 
-1
1
3
5
7
0 2 4 6 8 10 12peak
resolution
0.03%
0.05%
0.10%
0.20%
 
(? 2-6) HEC(1.3M), E=100V/cm 
 
 
 
 
 
 
 
 
 11
 E100V/cm
-0.001
0.001
0.003
0.005
0.007
0.009
0.011
8 8.18.28.38.48.58.68.78.88.9 9 9.1 9.29.39.4 9.5
min.
Abs
 
 E200V/cm
0
0.002
0.004
0.006
0.008
0.01
0.012
3.83.9 4 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.84.9 5 5.1 5.2 5.3
min.
Abs
 
 
  E300V/cm
0
0.002
0.004
0.006
0.008
0.01
0.012
2.5 2.62.72.82.9 3 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.83.9 4
min.
Abs
 
(? 2-7) 0.03% HEC(90K) 
 
